INTRODUCTION
An international summer course, ''Tree Rings, Climate, Natural Resources, and Human Interaction'', was held from 13 August to 3 September 2012, in Valsaín, Spain. Main goals of the course were to sharpen the dendrochronology skills of the participants, stimulate ideas for future dendrochronological research, and foster collaboration amongst tree-ring researchers around the world. The course, hosted by the National Center for Environmental Education (CENEAM), included 14 participants from Spain, Russia and Algeria (Figure 1 ). This report describes activities of the course and briefly summarizes exploratory group projects.
Study Area
The study area is located in the Valsaín Forest, on the north-facing slopes of Sierra de Guadarrama, in central Spain (Figure 2 ). The forest is dominated by Scots pine (Pinus sylvestris L.). Secondary tree species include Quercus pyrenaica Willd., Quercus ilex L. subsp. ballota (Desf.) Samp., and Pinus nigra Arn. The Valsaín Forest has been sustainably managed since 1888 (CENEAM 2004) . Annual rainfall is about 1266 mm, and mean annual temperature is 6.5uC (Spanish National Meteorological Agency, AE-MET 2012). The geological substrates are mainly granite and gneiss. Soils are relatively homogeneous, usually acid and predominantly humic cambisol, with leptosol at higher-elevation sites.
Data accessed for use in the course included monthly station climate data (precipitation and mean temperature) for Puerto de Navacerrada (40u479N, 4u009W, 1894 m a.s.l.) located at ca. 2 km from the study sites, and 0.5u gridded climate CRU TS 3.0 data (Mitchell and Jones 2005) . In addition, the course had access to various webbased tools for climatological analysis, and to historical and documentary records of environ- mental change archived in the CENEAM library in Valsaín.
Group projects, described later, focused on three locations in the Valsaín Forest: a highelevation (1864 m a.s.l.) site, referred to as Los Cogorros (LOC); a lower-elevation (1534 m a.s.l.), referred to as Vaquerizas Altas (VAA); and upper and lower reaches of the flood-influenced area of Arroyo de los Puentes, a tributary of the Eresma River. The flash-flood signal was of particular interest in the course because Arroyo de los Puentes is not gauged and crosses a railway as well as recreational infrastructure (e.g. roads and trails).
Course Structure
The course included field trips, laboratory sessions, lectures by the instructors, guest lectures by invited Spanish researchers, short talks by the participants, and class projects. An initial field trip generated discussion of possible project sites and topics. Participants and instructors jointly decided on three disciplines: dendroclimatology (DCL), dendroecology (DEC), and dendrogeomorphology (DGM), and each participant joined the group of greatest interest. On subsequent field trips, participants received training in fundamentals of sampling techniques, equipment maintenance, and site selection geared to specific objectives (Figure 3) .
Introductory lectures and laboratory exercises covered the fundamentals of sample preparation, crossdating by skeleton-plots, and tree-ring measurement (Stokes and Smiley 1968) . Later lectures and laboratory exercises dealt with computer-assisted quality-control of dating and measurement with COFECHA (Holmes 1983) , development of site chronologies with ARSTAN Holmes 1999, Cook and Krusic 2005) , and investigation of seasonal climate signals in tree rings with programs SEASCORR (Meko et al. 2011) and Dendroclim2002 (Biondi and Waikul 2004) . Other techniques and software were introduced in the context of the group projects (see below). Depending on the group (DCL, DEC, or DGM), participants had access to one or more of the following tree-ring measurement systems: (i) a binocular microscope and moving stage with TSAPWin Professional 4.63 (Rinntech 2012) , (ii) scanning of high-resolution images with the free software ImageJ (http://rsb.info.nih.gov/ij/docs/guide/index. html), and (iii) scanning with application software WinDendro TM (Regent Instruments 2012).
The course ended with a formal presentation of group project findings at CENEAM to an audience that included CENEAM officials and forest managers and researchers (Figure 3 ). Officials of CENEAM requested that the presentation be translated into Spanish for use by CENEAM in outreach, and suggested that follow-up studies be pursued in the Valsaín Forest.
GROUP PROJECTS DCL Group
The main goal of the DCL group was to explore the potential of P. sylvestris in the Valsaín Forest for dendroclimatic reconstruction (Figure 2 and 3) . Core samples were collected from LOC (25 trees) and VAA (16 trees), and were developed into ring-width site chronologies (Figure 4) significantly correlated (r 5 0.48, n 5 228, p # 0.001) with one another over their common period. Analysis of the better-replicated and least problematic of these chronologies (LOC, residual version) with program SEASCORR and the Navacerrada climate data, 1945-2004, revealed that the chronology has a weak and complicated seasonal climate signal, i.e. growth is generally negatively correlated with summer temperature in the year prior to the year of tree growth and positively correlated with current summer precipitation. Temperature/tree-ring correlations for the 24 months leading up to September of the growth year vary in sign, but the integrated signal (Wigley et al. 1984) . We limited our analysis to the period with an EPS of at least 0.85, which was reached in 1847.
(averaged over months) is generally negative, with the highest correlation for the 12-month grouping found in Jan-Dec of the previous year. Accordingly, annual average maximum temperature (T) was selected as a reconstruction target, and the DCL group proceeded to use Minitab software (http://www.minitab.com/en-US/products/) to generate a T reconstruction for the period 1841-2004 (Figure 4) .
Despite the great uncertainty in reconstructed T (regression R 2 5 0.22), some reconstructed features were found to be consistent with documentary records of unusually cold or hot years.
Composite maps of 500-mb geopotential height anomalies from the National Centers for Environmental Prediction-National Center for Atmospheric Research Reanalysis Project (Kalnay et al. 1996) were examined to identify circulation features associated with cold or hot years in the Valsaín Forest. This analysis, keyed to the observed T record, showed that cold years tend to be linked with a strong upper, low-pressure over the Pyrenees, and hot years with large blocking highs over Europe.
DEC Group
The DEC group explored hypotheses about the combined effects of climate, elevation, and competition on the growth response of P. sylvestris (Figure 2 and 3) . The field strategy consisted of core sampling from two randomly selected square plots (40 m 3 40 m), one at LOC and the other at VAA (upper and lower elevations). All trees with diameter at height 1.3 m (dbh) greater than 20 cm in these plots were tagged, measured, mapped, and cored. A total of 76 and 83 trees were sampled at LOC and VAA, respectively. Linear Mixed-effects Models (LMM) were used to explore the dependence of growth, defined as log-transformed basal-area increment (BAI), on climate, elevation, and a distance-dependent competition index (Linares et al. 2010) . Statistical analyses were carried out using the application software in the R statistical package (http://rdevelopment-core-team.software.informer.com/). The group found that, as expected, BAI decreases with increasing competition, and that a recent climate trend toward warmer and drier conditions has had a negative impact on growth, particularly at the drier, low-elevation site (Figure 2 ).
DGM Group
The DGM group focused on the flash-flood signal in P. sylvestris trees growing on flood deposits and within the stream channel of Arroyo de los Puentes (Figure 2 ). Twenty ''Damaged'' trees in the upper reaches of the stream and 28 in the lower reaches, identified in the field by presence of scars, tilting, lost apical leaders or exposed roots in the stream banks, were coresampled. After preparation and crossdating, the samples were examined for diagnostic features of flash floods (Ballesteros et al. 2010) . The group found that 36% of the samples had abrupt growth changes related to apical damage (i.e. growth decrease) and competition elimination (i.e. growth release), 30% of the samples had reaction wood caused by tilting, and 30% had scars associated with local injuries. A few samples (4%) had internal callus tissue associated with earlier stem damage. Comparison of reconstructed event histories, estimated from tree rings, with historical information (Breñ osa and Castellarnau 1884; Vías 2001; Díez Herrero et al. 2008; AEMET 2012) offered corroboration for some events. Corroborated events in earlier centuries included Eresma River floods of 1767 and 1798. More recently the year 1996, notable for flooding and heavy snowstorms, emerged as the single year with the highest number of synchronous flash-flood, treering features (7), evidence of which was found in both the upper and lower stream reaches.
CONCLUSION
This course follows in the footsteps of existing dendrochronology short courses (e.g. Brown and Krusic 1995; Speer et al. 2006) , but the longer time span (three weeks) provides an opportunity for more in-depth analysis. The course is unique in taking the methods to areas and countries in which the basic data may present challenges and results may be unexpected.
The course demonstrates the great potential of tree-ring data from P. sylvestris for studying various aspects of the climate, ecology, and dendrogeomorphology in the Valsaín Forest (Figure 3) . Although the climate signal in ring widths of the sampled trees is weak, and for many trees likely distorted by effects of management, stronger climate reconstructions may be possible through the use of other trees in relatively undisturbed settings, and chronology extension may be possible with tree rings from remnant wood. Future dendroclimatology work should also exploit the climate signal in variables other than total ring width, e.g. stable isotopes or maximum latewood density. From an ecological point of view, results suggest that the growth of P. sylvestris in Valsaín Forest is particularly sensitive to spring-summer water availability, and that the influence of temperature is especially dependent on elevation. Future dendroecological studies should address how the detected growth changes are associated with regional warming in the study area, and should explore in more detail how the growth response is modulated by environmental factors other than those studied in the course project (e.g. rising atmospheric CO 2 concentration). Extending analysis to these aspects would allow forecasting the performance of droughtprone tree populations located near their species boundary, as with Scots pine in the Valsaín forest. The dendrogeomorphology findings are extremely positive in identifying settings in the Valsaín Forest with an abundance of flood-damaged trees. Our limited study barely taps the potential for flash-flood reconstruction from this resource, and stresses the need to take more samples in order to isolate the correct geomorphic signal.
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